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A direct link to salt
The basis of one type of inherited hypertension has
been discovered - it is caused by mutations in the
gene for the 3 subunit of a renal sodium channel.
What causes high blood pressure? A consortium of eight
scientific groups with skills ranging from renal medicine
to molecular genetics has recently discovered that a rare
form of inherited hypertension - Liddle's syndrome -
is caused by a defect in the 13 subunit of a renal sodium
channel [1]. This finding may lead to a better under-
standing of the commonest form of hypertension, for
which the underlying causes are still obscure.
The story began in 1960 when a teenager with high blood
pressure was referred to Dr Liddle's clinic at Vanderbilt
University in Tennessee [2]. As well as hypertension, the
girl had a low blood potassium level (hypokalemia) and
blood alkalosis. This pointed to a benign tumour of the
adrenal cortex which was oversecreting the hormone
aldosterone. Aldosterone stimulates sodium reabsorption
by the distal renal tubule, and the body consequently
accumulates sodium and water and loses potassium. Like
an overfilled radiator system, pressure in the arteries rises.
Liddle's patient had a low plasma aldosterone level, how-
ever, and her high blood pressure showed no response to
spironolactone, a drug that antagonizes the action of
aldosterone. Interestingly, her brother showed the same
syndrome and a number of other relatives also suffered
from hypertension. Liddle inferred that her problem was
not due to oversecretion of salt-retaining steroids by a
tumour, but to a defect in renal tubular ion transport. He
gave her a diuretic, Triamterene, which acts through
inhibiting renal sodium reabsorption, and found that
renal sodium output increased, blood pressure came
down and the low blood potassium corrected itself.
Over the next thirty years, a few other cases of Liddle's
syndrome were reported. These patients showed an
increase in erythrocyte sodium flux as well as in renal
sodium absorption, and the hypertension was corrected
by a low sodium diet combined with Triamterene [3,4].
The inherited nature of the disorder was confirmed and
shown to have an autosomal dominant mode of inheri-
tance. In 1989, the original patient developed renal failure
and received a transplant. Afterwards, she had normal
renal function without excess sodium reabsorption [5]. It
was clear that Liddle's syndrome results from an inherited
defect in sodium reabsorption by the distal tubule of the
kidney, but what is the nature of the defect?
Canessa and colleagues [6] have recently found that the
rat epithelial amiloride-sensitive sodium channel, which
is present in renal distal tubules, comprises three types
of subunit - a, 13 and y - which are structurally
homologous. The topology of the ca subunit has been
determined: it has two membrane-spanning domains [7],
the amino and carboxyl termini are tucked into the cel-
lular cytoplasm and the middle section is extracellular
(Fig. 1). Canessa's group found that, when messenger
(m)RNA for the t subunit alone was expressed in frog
oocytes, the oocyte cell membrane gained the ability to
pass a small flux of sodium ions - less than 0.1 liamp
per oocyte - which could be blocked by amiloride.
When the 13 or y subunits were expressed alone, hardly
any amiloride-sensitive current was detected. Expression
of all three subunits together, however, gave a very much
larger current - in the region of 1.0 Vxamp per oocyte.
Given the nature of Liddle's syndrome, there seemed a
good chance that the defect would be in the human
equivalent of this rat amiloride-sensitive sodium channel.
Cannessa and colleagues therefore set out to see whether
they could find mutations in the human homologues of
the three channel subunit genes that show an association
Fig. 1. The topology of a subunit of the amiloride-sensitive sodium
channel, deduced from the polypeptide sequence and showing
the termini in the cytoplasm, the transmembrane sections and the
extracellular loop. Mutations causing Liddle's syndrome result in
premature termination, deleting part of the carboxy-terminal
region. Four distinct mutations, found in four families, are shown,
with the normal and mutant DNA sequences.
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with Liddle's syndrome. The group focussed on the
13 subunit. They screened human DNA in a cosmid
library with a rat 13-subunit probe and identified a frag-
ment coding for the carboxyl terminus of the 13 subunit.
Next, they searched for a genetic marker in the same
fragment of DNA, and found a (GT)lo repeat sequence
that could be amplified by the polymerase chain reaction.
The advantage of such microsatellite repeat sequences is
that they are highly variable (polymorphic) in length
between individuals. A microsatellite marker within or
close to the gene of interest will be passed on from parent
to child with the gene, and one can therefore use the
marker to see whether a particular allele of the gene
co-segregates with the disease in affected families.
The consortium screened DNA from three generations
of the original family (K100) with Liddle's syndrome,
and from other affected families, and found that a partic-
ular allele of the microsatellite marker was present in
individuals with the syndrome - indicating that these
individuals also carried a particular, but as yet unidenti-
fied, variant of the gene for the sodium channel 13 sub-
unit. Finally, by amplifying sequences encoding the
carboxyl terminus of the subunit directly from
genomic DNA of affected and normal individuals, the
group showed that affected individuals carried mutations
that generated a premature translational stop codon, lead-
ing to deletion of the 13 subunit's carboxyl terminus.
Different mutations, for instance frameshifts, in the same
general area of the gene, were found in other families
with Liddle's syndrome (Fig. 1). The result of all these
mutations was broadly similar: truncation of the carboxyl
terminus so the cytoplasmic 'tail' is very much shorter
than in the normal subunit.
The physiology of Liddle's syndrome suggests that these
structural mutations lead to synthesis of a channel that
allows enhanced, and possibly uncontrolled, passage of
sodium. The function of the carboxyl terminus of the 13
subunit was previously unknown, but the location of the
Liddle's syndrome mutations suggests that this region of
the 13 subunit is concerned with control of flux through
the channel pore. Regions in the carboxyl terminus of
the a and y subunits that show partial homology with
the 13 subunit do not compensate for the mutations,
suggesting that this region of the subunit has a unique
function. Although the effects of the Liddle's syndrome
mutations seems to be mainly on the kidneys, the
epithelial sodium channel is also expressed in colon and
lung, and it is tempting to speculate that abnormalities in
colonic or lung electrolyte flux might result from other
mutations of the epithelial sodium channel.
Although the alterations apparently cause a 'gain-of-func-
tion' - increased sodium flux - they may in fact repre-
sent loss of a controlling region of the channel protein. If
this is the case, however, it would not explain why
Canessa's group found that co-expression of the normal 13
subunit with the a subunit leads to enhanced sodium flux.
As the authors point out, very little is known about the
structure-function relationships of the sodium channel and
it would be fascinating to know if, for instance, the defect
in the 13 subunit causes an increase in the probability of
channel opening, an increase in sensitivity to activators or
a decrease in sensitivity to natural blockers, and whether
this region of the subunit interacts with other membrane-
associated components such GTP-binding proteins.
Liddle's syndrome is rare. Hypertension is not normally
inherited as a single-gene disorder, and the underlying
cause of most cases of high blood pressure is unknown but
likely to be multifactorial, implying that genetic back-
ground and environmental influences are both involved.
Population studies are beginning to reveal genes that are
linked with human essential hypertension [8]. Various
environmental factors are believed to be associated with
high blood pressure and, interestingly, a high-salt diet
may be one of them [9], although the relevance of salt in
the diet to human hypertension is still hotly disputed.
As Canessa and colleagues suggest [1], polymorphisms of
the renal sodium channel genes that affect channel
function, but which are less drastic than the mutations in
Liddle's syndrome, could be a factor in the development
of high blood pressure. Such putative polymorphisms,
resulting in subtle changes in sodium handling, might
lead to hypertension only in individuals exposed to
particular environmental conditions, or only when present
in a particular genetic background. In fact there is a sub-
group of essential hypertensives with low plasma renin
and low aldosterone in whom one would be tempted to
look for such an abnormality.
References
1. Shimkets RA, Warnock DG, Bositis C, Nelson-Williams C, Hansson JH,
Schambelan M, Gill JR, Ulick S, Milora R, Findling JW, et al.: Liddle's
Syndrome: heritable human hypertension caused by mutations in the
[3 subunit of the epithelial sodium channel. Cell 1994, 79:407-414.
2. Liddle GW, Bledsoe T, Coppage WS: A familial renal disorder simulat-
ing primary aldosteronism but with negligible aldosterone secretion.
Trans Assoc Am Physicians 1963, 76:199-213.
3. Gardner JD, Lapey A, Simopoulos AP, Bravo E: Abnormal membrane
sodium transport in Liddle's syndrome. J Clin Invest 1971,
50:2253-2258.
4. Wang C, Chan TK, Yeung RTT, Coghlan JP, Scoggins BA, Stockigt JR:
The effect of triamterene and sodium intake on renin, aldosterone,
and erythrocyte sodium transport in Liddle's syndrome. J Clin
Endocrinol Metab 1981,52:1027-1032.
5. Botero-Velez M, Curtis JJ, Warnock DG: Brief report: Liddle's syn-
drome revisited - a disorder of sodium reabsorption in the distal
tubule. N EnglJ Med 1994, 330:178-181.
6. Canessa CM, Schild L, Buell G, Thorens B, Gautschi I, Horisberger J-D,
Rossier BC: Amiloride-sensitive epithelial Na+ channel is made of
three homologous subunits. Nature 1994, 367:463-467.
7. Renard S, Lingueglia E, Vouilley N, Lazdunski M, Barbry P:
Biochemical analysis of the membrane topology of the amiloride-
sensitive sodium channel. Biol Chem 1994, 269:12981-12986.
8. Jeunemaitre X, Soubrier F, Kotelevtsev YV, Lifton RP, Williams CS,
Charru A, Hunt SC, Hopkins PN, Williams RR, Lalouel J-M, Corvol P:
Molecular basis of human hypertension. Cell 1992, 71:169-180.
9. Grobbee DE: Electrolyte intake and human hypertension: sodium and
potassium. In Textbook of Hypertension. Edited by Swales JD. Oxford:
Blackwell Scientific Publications; 1994:539-551.
Brenda Leckie and Robert Norman, Department of
Medicine and Therapeutics, University of Leicester
School of Medicine, Clinical Sciences Building, Leicester
Royal Infirmary, Leicester LE2 7LX, UK.
